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FOREWORD 

These experiments were conducted at Antioch 
College ab r\ar*. of the work accomplished under AMC 
Contract So. T.33-038 ac-19816. Expenditure Order 
Ho. 694-31, Principles of Instrument Presentation« 
At the time the experiments were planned and con- 
ducted«. Dr. Pitts was AMC projoct engineer. The  * 
authors collaborated in planning the studies and 
in preparing the present report« Mr« Simon« who 
was project director at Antioch College at the time, 
supervised the collation' and analysis of the data«. 
Dr. Fitts and Kr. Simon are now at the Ohio State 
University, 
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ABSTRACT 

Three experiments are reported In *hich the effects of 
various visual^stiaulus patterns formed by different arrange- 
ments of instruments and pointers «ere studied. For the task 
employed, which »as a continuous, dual-pursuit problem, the 
results of all three experiments are in agreement in indicat- 
ing that subjects give significantly superior performance 
«hen 

a. instruments are close together, 
b. Instruments are aligned horizontally, and 
c. pointers are aligned at 9 o*clock for horizontally- 

separated instruments and at 12 o'clock for 
vertically-separated instruments, or else the 
pointers are counterpoised. 

The results of an extended learning study indicated that 
differences in toe initial performance of individuals «hen using 
the different pointer-position patterns actually increased dur- 
ing fifteen daily practice sessions. 

» 

PUBLICATIOM REVIEW 

Manuscript copy of this report has been reviewed and found 
satisfactory for publication. 

FOR THE COMMANDIHG GEflERALi 

ROBERT H. BLOUHT 
Colonel, USAF (21C) 
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THE DISTANCE BETWEEN 
INSTRUMENTS, AND THE POSITION OF INSTRUMENT POINTERS 

AS DETERMINANTS OF PERFORMANCE IN AH EYE-HAND 
COORDINATION TASK 

I.    IBVODUCTIOH 

/■     ' 
e 

Performance In skilled tasks requiring the adjustment 
of instruments or other visual diipleys Is considerably in* 
fluenced by the particular stimulus »pattern provided by the 
display. Among the various problems in this area» one that 
has received a good deal of systematic attention is the ef- 
fect of the direction of movement of, and the spatial rela- 
tions between, displays and controls* Results from such 
studies have been the subject of recent reviews by Oardner 
(7). Mitchell and Vlnce (11), and Fltts ik9 pages 1306 to 

Warrick (13) has determined population stereotypes la 
moving rotary controls in response to different patterns of 
light, and Carter and Murray U), Fltswater (5). Oardner (7), 
Orether (8), Loucks (10), Mitchell and Vlnce (11), Simon 
(12), and Warrick (1*) have studied performance in percepts» 
el-motor tasks la relation to various pattern trrangeaenta 
of controls and displays* 

The evidence from these studies indicates that the 
following spatial factors are important deterBlnants of par» 
foresaeei (1) whether the display and Its control aove la 
the seas or aove la different planes of space f (2) whether . 
the movements are translatory or rotary| (3) whether tat 
display is above or below, to the right or to the leftf la ... 
front of or behind Its associated control! CO whether or ' 
not, when its related control Is moved, the direction of the 
movement of a display is the 'expected* one, I.e., ecsforas 
to a population stereotype« It alao appears that performance 
is more markedly affected by such factors when the task* In 
complex and requires frequent change of set« 

Connell and Grether (2), Warrlck and Orether (15)« tad 
White (16) have reported differences in the ability to chscfc- 
read and interpret instrument dials quickly, depending oa the 
sector of the dial in which the pointer was located« 

The three experiments reported here were undertaken to 
determine the int*i-relation of several of these stimulus- 
pattern factors in a more coaplex porsrit task than that ea- 
ployed in any of the previous studies except that of Oardner. 
The va '1ablas studied vere (a) the direction of pointer align- 
sont. (b) vertical versus horizontal separation of Instruments, 
and (c) the distance betvecn instruments. 

ÜSAF-TR-5832 
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II.    APPARATUS ATO TASK 

A r~o 
Tht Gtrether Dual-FMTuit Apparatus (9) was used 1A 

these studies« la order ^to operate this apparatus, sub- 
jects oust watch the pointers on two different dials and 
try to keep then centered continuously within designated 
Halts by Baking appropriate adjustments of two rotary 
control knobs« one of which Is operated by each band« 

A drawing of the apparatus Is shown In Figure 1. It 
operates In the following Bannert Disturbances, generated 
by a aotor-drlven cam, are transnitted to two differential 
gears« The mcveaents of each of the control knobs are 
transmitted to one of these differentials« The output of 
each differential Is proportional to the difference between 
these two Inputs| I.e., to the difference between the aove- 
nents controlled by the can and the subject's aovcaents« 
These outputs are transnitted to two instruments d^als by 
electrical synchro ays teas« where they appear as pointer 
deflections; they also are transaltted mechanically to wiper 
•ras that move across metal contacts, and activate scoring 
clocks« The inscrumcnt dials are marked so that subjects 
can tell when the pointers are 'on target*• 

Two scoring clocks, one for each of the two differen- 
tials, cumulate time whenever the pointers are within the 
target Halts« These 'on-target' scores indicate the cumu- 
lative time that the respective pointers have been maintained 
within their tolerance Halts« 1 third clock cumulates time 
whenever both pointers are simultaneously 'on target*• The 
reading of this third clock was used as the criterion of pro» 
fleiency throughout the present investigations« 

work and rest periods were governed by a sequence 
timer, which also triggered a warning sound before tht be- 
ginning of each trial« 

Instrument dials were three inches in diameter, black 
with white pointers, and aounted on a black instrument panel« 
Pour lights in standard reflectors, o*e at each corner of the 
panel, provided an even, nou-gisre source giving an apparent 
Lightness of 30 foot-lamberts« The subject's eyes were 20 
Inches away fron, and at the saae height as, the aid-point 
between the two nstruaents« 

The panel on which the control knobs were aounted was 
tilted away froa the subject at a V? degree angle, as seen la 
Figure 1, In order that the knobs could be grasped in a com- 
fortable manner« Adjustable era rosts were used« One con- 
trol knob was above and to the right of the other, the line 
fcried by the two knobs caking an angle of **5 degrees with 
the base of the panel. The upper right-hand knob was used 
to control either the upper or the right-hand Instrument (de* 
peadirg on whether the two displays were separated vertically 

USAF-TB-5332 2 
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or horizontally), and the lower left-hand knob vas used to 
control either the lover or the left-hand instrument» This 
arrangement of controls vas used throughout the three ex- 
perlasnts. Insofar as could be determined, all subjects 
found this arrangement a natural or expected one, and Im- 
mediately associated each control with Its related Instru- 
ment« 

III. EXPERIMENT 1 * A STUOT OP IHR REUTIVB 8FPICIERCX OF 
TEH OIFFEREXI POINTER-P08ITIOH PATTRRNB 

Procedure,. 

Ten stimulus configurations were studied in the first 
experiment« These patterns are shown schematically la Figure 
2. Tiro directions of dial separation, vertical (Vj and hori- 
zontal (H), and five different positions3' of the two pointers, 
Vere studied« The pointers vere aligned at 3 o'clock. 6 o* 
clock, 9 o'clock, and 12 o'clock, respectively) and also with 
their tips counterpoised (directed toward each other) • These 
pointer positions will be referred to hereafter as the 3> 6, 
9, 12, and X positions« In the first experiment, the tips of 
tie two pointers were separated by a distance of eight inches« 

Twenty male and twenty female college students served at 
subjects« All had normal visual acuity« lone had operated 
the apparatus before« They were glvta the following Instruc- 
tions while seated at the apparatus t 

"Tour head is now at the correct distance from the 
instrument panel. Try to keep It at this distance« 

"These pointers will move back and forth« Try to 
keep them within the white reference marks by 
moving these knobs in the appropriate direction« 
Try them«' (At this point subjects were allowed 
to turn the knobs and to note the resulting sx 
avnts of the pointers«) 

"Try to keep both pointers on their respective 
white marks at the same tine. The time you 

Reference throughout the paper to 'pointer position' will 
be used for convenience to refer to the position of the 
target or tero poln* in the quadrant of the dial in which 
the pointer is functioning« This vas always at one of the 
four cardinal positions. In reality, the position of the 
pointer vas constantly shifting and only rarely, except 
through the effort of the r.ubject, vas it positioned ex- 
actly at any cardinal point. 

CSA?-TR-5B32 
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keep the« froyh on will be recorded. You will 
have ten trials, each followed, by a short rest 
period. Alter the fifth trial yon will be 
given a longer rest period. Do not turn the 
knobs during the rest period» A busser will 
warn yen a second before the rest period is 
over« Experience suggests that it is sere 
efficient to move your eyes back and forth be- 
tween the two dials than to attempt to watch 
both dials out of the corners of your eyes« 
So cove your eyes as you work.1 

"The position of the pointers will be changed 
fro» trial to trial«" 

One group always worked with the dials separated hori- 
zontally« The other group worked with then separated verti- 
cally. Hereaftert these will be called the "H" and the "V" 
groups« Subjects were assign»! to two groups at random, with 
the restriction that- halt of each group be sen and half be 
women. 

Each subject was given 
1$ seconds of each trial we* 
clock scoring took place only 
k5 seconds of «ach trial* 
between the fifth and sixth 
90-aecond reel period vu 

3-a&nmtet trials« The first 
treated ae a warn-up period, and 

the last 2 minutes and 
rested for five Minutes 
after all other trials a 

A different pointer position wen presented on each of 
the first five trials» Thee» five» pointer positions were 
then presented a second tin» la tares s» order» The order of 
presentation was counterbalanced between the 20 subjects In 
each group« Completion of the merle» of ten trials required 
50 minutes« 

Bosults. 

The experiment was des&nmed to permit combination of the 
scares mde by the same subject* on counterbalanced trials« 
However, when a performance curve (see Figure 3) was computed 
by combining mean scores for successive trials without regard 
to stimulus configurations. It revealed that the combining ojf 
the first- and second-trial data would seriously Inflate our 
error term« Learning was quite rapid in the first five trials« 
and there wea still further improvement on the sixth trial 
which was preceded by the lenger rest period« The last five 
« • • ■ • 

1 The instruction to move the eyes was given in order to se- 
cure uniformity in the way different subjects worked; actu- 
ally the experiment«!» have ro data on whether or not sub- 
jects do better when they are instructed to move their eyes 
in this task. 
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Figur« 3* Lemming Curvet for the Ten Trials 
of the Two Groups in Experiment 1« 

Beet point represents the seen performance of twenty 
subjects, of whoa four worked at each of the five 
different pointer positions. 
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trials, however, showed e relatively «ore stable Perform- 
ance level. For this reason only the data for the last five 
trials were analysed.1 

Mean performance scores and star^rd deviations for each 
condition are given in Table I. The results of an analysis of 
variance for these data are summarized in Table II.2 The vari- 
ance between mean scores for horizontal and vertical instrument 
separation was sigr ficantly greater than night be expected by 
chance (< .01 level) when tested by between-subject variance« 
For the task employed in this experiment it can be concluded 
that performance with uorisoat&üy-ssp&rated dials Is superior 
to performance with vertically-separated dials« 

Using the pooled interaction of subjects and pointer 
positions as the estimate of error variance for correlated 
groups, the variance due to the Interaction between the di- 
rection of instrument separation and pointer positions was 
found .0 be significant at better +han the .01 level« This 
indicates that superior performance with a particular pointer 
position is in part dependent upon the direction of the dial 
separation used«. The converse is also true« 

. For the H-sroup. using horitontally~separated Instru- 
ments, performance with the 9 o'clock pointer position vat 
better than with the 12 o'clock pointer position ««05 level) 
and performance with the 3 ' 
ter than with the 6 o'clock 

o'clock pointer position was bet- 
: pointer position (<«02 level) «3 

1 In subsequent experiments the combining of counterbalanced- 
trials in this task was made possible by using shorter test 
trials that permitted frequent variation in testing condi- 
tions, and by continuing the experiment over a period of 
several days« 

2 The technique of analysis used is describe* by IZ^n 1« 
Edwards, Chap. 15. Experimental Daslgn in Psychological 
Research, Rinehart and Co., Inc., Mew Yox-. 1950« 

3 The standard error of the mean difference for these condi- 
tions waf computed to be 1.031* by using the variance of 
the pooled interactions of subject* x pointer positions 
as the beat variance estimate for all groups« This esti- 
mate of standard error, based on sll the data, was used 
to compute the *t* values, in place of an estimate of 
standard error of the difference computed separately for 
each pair of conditions« 
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TABLE I 

Means and Standard Delations of Perfornance Scores» for 

Tlv* Polntar-Position Patterns for the Two 

Kmarinantal Qrcnna. 

(I • 20 Subjects in Bach Group) 

fl=2 B-6 fi=2 B-12 fl=* 
Means of 

Mean V2.5 39.7 **5.7 *3.5 «♦5.8 »*> 

S.S. 7.5 7.1 6-3" 5.9 5.8 

Mean • 

8.D. 

Means of 
Pointer 
Positions 

Yttiilnl Mai ggamttaa 
Is!  M  1=2  £02 

33*8 36.3  35*5  39.2  38»t   36.6 

7.7  8.9   7.7   M>   8> 

38.1  38.0  M>.6  Vl.V  W2.1    M).0 

!M l • Scores represent the percent of tine that subjects 
kept both pointers slnult*n«ously *on target'• 
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TABLE IX 

An»lT»m of Varlane« In fcraerlaant l. 

Rgaaa at YarlaUgn 
Batveea Dial Separation 

Between Subjects With the 
Base Dial Separation 

Between Pointer Positions 

Interaction of Pointer Pool* 
tions and Dial Separation 

Interaction of Pooled Subjects 
and Pointer Positions 

Sun of 
Souares Atta 

Mean 
Saum X 

22.99 1 22.99 9.82 

88.86 38 2.3V — 

5.52 V 1.39 • 

3A7 V .87 8*23 

16.2V 152 •107 mm 

0 

* See the text for a discussion of a further 
analysis of this factor« 
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For the V-group the conve.sa was true. The 12 o'clock pointer 
position was superior to the 9 o'clock position «.01 level), 
and the 6 -»'clock position was better than with the 3 o'clock 
position (<.05 level)« 

Performance with the counterpoised pointers (X condition) 
ranked first in absolute score and was not significantly dif- 
ferent froa the best pointer position for both directions of 
dial separation* 

For both horlsontal and vertical dial separations con» 
sidered separately, the 9 o'clock pointer position was superior 
to the 3 o'clock, and the 12 o'clock was superior to the 6 o* 
clock position. Three of these differences were significant at 
the .02 level, but one (9-3 o'clock vertical) was not signifi- 
cant. Since the data were not suitable for a three-dimensional 
analysis of variance, a subtraction procedure was adopted as a 
means of testing the differences in pointer position independent 
of other factors. Mean scores were obtained for the two condi- 
tions <H-3 and H-9) in which both the Instruments and pointers 
were aligned horizontally. In a similar way means were deter- 
mined fcr the two conditions (V-6 and V-12) of vertical align- 
ment of pointers and Instruments j for the two conditions com- 
bining unaligned pointers with horizontal dial separation (H-12 
and H-6)j and for the combinations of unaligned pointers and 
vertical dial separation (V-9 end V-3). The two counterpoised 
conditions were not used in this analysis, since there wer« no 
corresponding conditions of unallgnment« 

Subtracting these respective means from the appropriate 
original scores of the individual subjects removed the effect« 
of direction of dial separation and of alignment versus un- 
allgnment from the pointer-position scores« Subjecting the 
residual or difference scores to a simple analysis of variance 
for correlated groups gave a value for F of 7.57 which with 3 
and 117 degree« of freedom is significant at better than the 
.01 level. 

The results of this analysis of pointer positions« with 
the effects of dial separation and pointer alignment removed, 
are shown in Table III. It is apparent that 9 &sJ 12 o'clock 
pointer positions are both superior to 3 and 6 o'clock pointer 
positions, but that the members of each pair are not signifi- 
cantly different from each other« 

Intercorrelations between scores made at the various 
pointer positions on the second series of trials by the H- and 
V-groups vere computed. The median intercorrelatlon for the 
K-grouj. vas .7*+ and for the V-group was .36. These moderately 
high Intercorrelations suggest that factors common to an indi- 
vidual's performance on a pursuit task contribute a good deal 
cf weight to his score no cattcr what pointer position is used. 

j; i 
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TAB» III 

Valuta of t* for Adjusted Mean Differencaa B»bmB Pointer 

/ ppguiww la Bnailaiai 1» 

t 

(Based on adjusted mans, with effects of dial 
separation and pointer aligonent resored) 

d.f. ■ 39 

2 alslflfik 12 o'clooj 

3 o'clock -0.517     * 3.31*" 

6 o'eloek 3.3U" 3.865^ 

9 o'clock .555 

• Plus values indicate that the aeon performance of 
the pointer position on the abclsss «as creator} 
ninus Tallies, that it was samllar« 

♦• Significant at the «01 probability level or 
better« 
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IV. ä ̂ 'ERUÜälT 2:*    SXTEJIDED LEAEHIHG STUDY COMPARIHG 9 AID 
IS 0»CL0C£ POIHTEB POSITIONS 

i       Ss 

A second experiment was undertaken to determine «or« pro* 
cisely than vat don« In tht first experiment the relative ef- 
fectiveness of the 9 o*clock versus the 12 o'clock pointer po- 
sitions for instruments separated horizontally and for instra- 
sonts separated vertically« Only these two patterns of pointer 
arrangement were studied because the results fro« the first ex- 
periment, as well as the findings of other investigators, show 
conclusively that psrf ormance is maximised by the use of these 
positions« The experiment was also planned to reveal whether 
or not the differences attributable to pointer position would 
persist throughout an extended learning period* 

Procedure. 

The apparatus was the same as that eaployed in the first 
experiment with the exception that the effective width of the 
♦ on-target* scoring area was reduced« This increased the dif- 
ficulty level and provided a task on which subjects could con- . 
tlnue to show improvement during a period of extended practice« 
The center points of the instruments worm always separated by 
eight inches« 

Fourteen individuals worked on the learning task for 20 
days, kO minutes per day«- 8&ch subject worked at the Bass time 
•ach day for the first five days of each week« ho trials worm 
run on Saturdays and Sundays« 

Subjects were assigned to one of two groups« One groan. 
consisting of four men and four women, worked for the first 15 
days with the instruments separated horizontally and for the - 
last five days with then separated vertically« They will em 
called the H-V group« Another group, consisting of throe mem 
and three women, worked for the first 15 days with Instruments 
separated vertically and for the last five days with thorn sepa- 
rated horizontally« They will be called the ¥-B group« 

Individual trials lasted for 70 seconds« The first 10 
seconds constituted a warm-up period during which no score was. 
recorded, but this was not known to the subjects« fifty-second 
rest periods were used between trials« Twenty trials wore given 
to each group each day« The conditions for the initial trial 
eech day was counterbalanced between subjects and between days« 
The instructions to subjeete were essentially the same as in 
Experisent 1« 

Subjects were told their scores at the end of each trial« 
Midway through each dally series of trials they were compli- 
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rented on their progress and told that they should try to 
achieve an even higher level of performance. Dally scores 
were plotted on a chart for comparison with other subjects* 
It appeared that subjects were highly activated throughout 
the four week* of the experiment. 

Results,» 

In Figure V summary learning curves are given for the 
two groups« 

» 

The meant) for the eight subjects In the H-V group favored 
the 9 o'clock position for all 15 days of work under the hori- 
sontal condition. The means for the sis subjects In the V-S 
group favored the 12 o'clock position throughout all of the 15 
days of vertical separation. The smallest absolute and the 
smallest relative differences between means occurred on the 
first of the 15 days for both groups« 

These data support the previous conclusion that pointer 
alignment at the 12 o'clock position gives superior performance . 
for vertical instrument separation« and that horizontal pointer 
alignment at the 9 o'clock position gives superior performance 
for horizontal instrument separation« The absolute difference 
was greater in the ease of the vertical condition« 

Tests of the significance of the differences between . 
pointer positions for each subject were made for the means of • 
successive five-day periods« These results are presented la 
Table IV« In general, the significance of the differences in- 
creased from the first to the second five-day period« mad 
showed no appreciable change during the third five-day period« 
The evidence indicates« therefore« that the relative differ- 
ence* due to the combined effect of pointer position and diel 
location persist through an extended learning period« 

When the direction of dial separation was reversed for 
the two groups on the last five days of the experiment, all IV 
subjects evidenced a change In performance in the predicted 
direction. All eight subjects who chaaged from horizontal to 
vertical conditions subsequently earned relatively higher scores 
on trials where pointers were aligned at the 12 o'clock position« 
Three of the* subjects who shifted from the vert?eel to the hori- 
zontal condition« however, continued to give relatively higher 
scores when working at the 12 o'clock pointer position« sithough 
in all three the difference in favor of 12 o'clock was-reduced 
in comparison to what it had been before the shift la experi- 
mental conditions. In general, then, the evidence obtained oa 
reversal trials further substantiate the findings from the first 
fifteen days« 

This experiment, elthough designed primarily to test other 
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DAYS 
Figur« V. Leerning Curves for the Two Bxperl- 

sental Groups In Experiment 2« 

Each point on each curve la the average of all trials for 
a given «ay (i.e., 10 trials pur subject). The B-Y Group 
worked tor the first 15 days with the instruments sepa- 
rated horizontally, and for the 16th through the 20th 
days with thea separated vertically. Th« V«H Group worked 
for the first 15 days vita vertical separation, then 
changed to the horizontal condition. 
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TABUS I? 

Values of »t»» for Difference« Between Each Subject's Mean 

Scores»« on 0 and 12 o'clock Pointer Position In Bipsrlnont 2. 

(Each »t» is bated on 50 sets of scores for a given subject) 

Subjects In 
fiazftJLsS tea.6-.lQ am mi Dave 16-20, 

»'* •68 2.15 2.3V -6.53 

12 8.67 11.62 10.22 -6.39 

*3 V.33 3.66 1.8V - 2.33 

KV 7.69 10.59 12.13 • 1.18 

F* 1.V2 1.* .     .V2 -6*69 

F6 I.OV V.22 V.19 -6.03 

r? 2.05 3.6V V.93 • 5.06 

rs V.01 V.56 3.29 -V.1V 

Subjects la 
Qronn Tjfl 

t- 

M9 - V.12 -6.26 -   5.03 2.26 

M10 • 5.01 -17.6V - 15.65 •   .69 

NU - V.7V -10.30 -   5.53 13.11 

P 12 -8.58 -11.59 -   8.82 3.V6 

F 13 - 7.08 - 9.7V - 1V.63 -8.9V 

P IV - 3.79 - 8.61 -   8.55 - 3.33 

 pointer positl    . 
greater are significant at the ,05 level. 

•♦  2ach ae&n is based en 10 trials per day for five days, 

USAF-TH-5832 . 16 



j {>"£ 

factors, else provides two comparisons of performance under 
vertical versus horizontal dial separation. Direct compari- 
sons between the two groups is hardly justified because of 
the small numbers in each group. Comparisons can legitimate- 
ly be made within individuals, however, before and after the 
reversal of conditions on the 15th day. The results for in- 
dividuals agree with the findings from the first experiment« 
Subjects who shifted from the horizontal to the vertical con« 
dition showed a drop in score and during the next five days 
never regained their former level of performance« All indi- 
viduals who shitted from vertical to horizontal,.however, 
quickly exceeded their previous scores« 

V. EXPERIMENT 3s THE EFFECT OF THE EXTENT OP 
IKSTRUfcENT-SEPARATION OH ?ERF0RM*NC2 

:i 
The third experiment was planned to determine how per- 

formance in the dual pursuit task is affected by changes In 
the distance between instruments« Both horizontal and verti- 
cal separation were studied« 

££fl£SfttEl* 

The sue apt  .tus was used as in the previous experiments. 
Hew instrument panels were constructed to permit the experi- 
menter to vse a separation of ht 8. 12, or 16 inches between 
instruments, as measured from the tips of the two aligned point- 
ers. 

Twelve college avea, with normal vision, were used ma sub- 
jects« Hone had ever operated the apparatus before« 

The Instructions were essentially the same as in the two 
previous experiments« In order to encourage different sub- 
jects to use similar procedures» all were told to move their 
eyes back and forth between the two instruments« 

Each subject was tested at the same time of day for six 
cooaecutive days. During each dally test period, each subject 
worked with both vertical and horizontal arrangements of the 
Instruments and with separations of *t, 8, 12, and 16 inches» 
Two 130-second trials were given for each of the eight unique 
conditions each day (a total of 16 trials per subject per day)« 
The sequence of test conditions was counterbalanced within and 
between subjects and between days« 

The 12 o'clock pointer position was used when Instruments 
were separated vertically and the 9 o'clock position was used 
when they were separated horizontally, since earlier results show 
that these ere optimua conditions. The score on each trial 

•JLF-TH-5832 17 
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was the proportion of time that both pointers wer«^»pt 
target' simultaneously during the recorded periodp^he 
target' tolerance Units vere the same as those of "Experiment 
1, unknown to the subject, no score was recorded during the 
first ten seconds of each 130-second trial. Subjects rested 
for one minute between trials] after every fourth trial there 
was a two-minute rest period. 

In Table V the individual mean scores are given for 
each subject based on all trials for all days at each condi- 
tion« Group medians, means, and standard deviations axe also 
given« The means are also indicated In Figure 5» 

In all respects performance was better when the dials 
were closer together than when they were farther apart« Keen 
performance scores, for each direction of dial separation, b 
came successively worse with each four-inch increment in the 
distance between instruments« all differences were signifi- 
cant« In addition, an examination of Table ¥ reveals that 
each of, the twelve subjectsr without exception, showed a, jflf- 
££i&2fi ID ftvcregq gcore isn sxJa lasrej&as An ins jUiiauai 
teti&m laiaaaaata AISBK &&, j&a toxlMvfol ADS! J&E xaitt- 
£fil A2SI* 

In Table ¥1 are shown results for tests of significance 
("t" tests) of the differences in mean values for the group 
and the correlation« Crs") for the various critical compari- 
sons. In all cases performance was significantly better for 
a fcerisontal separation of a given amount than for a vertical 
separation of the same amount« These results were true, with- 
out exception, for the average scores of each individual coo» 
sldered separately, as well as for the means of the groups« 

The absolute superiority of the horizontal over the 
verticil condition increased as the distance between instru- 
ments increased. For example, for 8-H and Mr conditions, 
where the vertical separation was four inches less th%n the 
horizontal, the former was superior; but for 12-3 and 8-7. 
where the vertical separation again was four inches less than 
the horizontal, the latter was superior« 

VI. DISCUSSION OF THE FINDINGS FROM THB THREE EXPERIMENTS 

The superiority of performer.<co when the two stimulus ob- 
jects were close together is not surprising. This superiority 

USAF-TR-5832 18 
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TABLE.? 

Individual Perforesnce Scores» for Four Distances of Hori- 

zontal Instrument Separation and for Four Distances of Ver- 

tical Separation In Experiment 3. 

Horizontal Separation 
(Inches) 

Vi 

h 

srtlcal Separation 
(Inches) 

Subject 
Busbar k. A 12 2k i J2 Jft 

1 55.9 1*2.9 39.6 3V.8 it5.2 35.8 26.6 25.0 

2 53.8 1*2.2 38.3 35.0 1*6.8 36.V 32.lt 25.9 

3 60.6 1*9.8 »*3.8 38.5 51.0 1*2.6 38.6 '35A 

k 65.0 53.8 Ut.it 1*0.7 52A 1*2.6 37.0 3i».0 

5 53A »♦2.0 Vl.6 37.7 «♦5.6 38.V 35.8 3M 

6 59.8 51.0 IAA 39.7 51.5 Mt.0 39.3 3^.2 

7 62.C 1*8.8 1*6.8 lt2.lt 56.3 *»3.9 35.9 3**.0 

8 65.2 1*8.8 1*2.2 39.1» 59.8 •»3.»» 3»t.3 30.6 

9 57.0 1*2.1 37.7 31.0 •A.5 36.0 31.0 29.3 

10 62.8 V5.2 1*0.6 36.8 V5.5 1*0.6 32*7 30.3 

11 77.0 62.1» 57.9 52.1 f8-' 55.8 1*9.2 »♦5.6 

12 62.V 50.6 V7.6 1*2.9 9*2 V5.2 itl.9 38.6 

Group 
Median 61.3 1*8.8 V3.0 39.0 51.2 i»2.6 35.9 3«*.0 

Group 
Mean 61.2 1*8.3 1*3.7 39.2 51.8 1*2.0 36.2 33.1 

8.0. 6.V 6.0 5.V 5.3 7.2 5.6 5.8 5.6 

These scores Indicate the percent of tine that both 
pointers were kept "on target* simultaneously. 

fi 
t 
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TABIÄTI -.. 

Significance of Difference Ct» values) and Correlations 

Between Performance Scoraa at Successive Horizontal Dlatancei. 

at Successive Vertical Matancea. and at Corresponding 

DUtuTic«« jn, fr^oaad Mrectlona 

H - 12 

afflo&aaaa amsailaa 
k rvrsua 8 Inches 

8 vertut Li lnchet 

12 vertut li# lachet 

h vertut 8 lnchet 

8 vertut 12 lnchet 

12 vertut 16 lnchet 

BorUoatffl yjTJMi YWtlSll tottttM 
V lnchet 

8 lscht« 

12 lnchet 

16 lnchet 

i 1 l 

.92 17.5 <.01 

.92 6.7 <«01 

.98 15.1 <.d 

•92 11.1 <.<a 

•93 9.5 <.WL 

•96 6.8 <«01 

.89 9.8 %*.01 

•95 11.1 <.01 

.91 11.1 <«01 

.88 8.0 <.01 
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probably Is due to the more effective use of peripheral 
vision, including the use of peripheral cues (a) to provide 
information for more accurate eye movements, and (b) to pro- 
vide Information for adjustments of the control gcerrlng 
the non-fixated instrument« 

Only a very small part of the superiority resulting 
from stimulus proximity can be accounted for by the saving 
in time required to make small rather than large eye move- 
ments« xhe eye has a very efficient musculature and is able 
to execute movements of different amplitudes in approximately 
a constant time* Furthermore, since eye fixations in the 
dual-pursuit task are of a duration of the order of magnitude 
of half a second, vhlle the time consumed by a saccadie move- 
ment is of the order of two or three hundredths of a second, 
the time taken by the latter is relatively unimportant. 

More effective use of peripheral vision probably is aa 
important factor also in the superiority of performance under 
the horlzontal-9 o'clock and vertical-12 o'clock conditions, 
i.e., in the superiority it the alignment over the unalign- 
ment conditions. It is proposed that alignment of the stimu- 
lus objects makes It easier to detect a movement of the non- 
fixated pointer« When they are aligned the two pointer! nan 
c* seen as forming a single line, which breaks up when either 
pointer goes off target« 

Characteristics of eye movements and of the visual field 
may account for the superiority of horlsontal over vertical 
separation of stimulus objects« Visual acuity is generally 
better at a given lateral distance from the fovea than at a 
corresponding vertical distance« Also, in everyday Ufa« 
people make more frequent use of lateral than of vertical 
peripheral vision« 

The findings regarding the superiority of the left over 
the right, and of the top over the bottom sectors of a dial la 
not without parallel« In a series of introspective studies, 
Oallenbach (j) found that lights located to the left of or a- 
bove the point of fixation appeared brighter than lights lo- 
cated to the right of or below the fixation point« Recordings 
of eye fixations made while subjects have looked at pictures, 
read advertisements, and checked panels of instrument dials 
have shown that eye fixations are most frequent on the upper 
and lert areas of the visual field« As pointed out earlier, 
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. invest:.gato:·n (2, 16) have also shown auper1o-r1ty in the 
a. bili ~? to rend d.1o.ls rapidly and make qual.i.ta tive reportiJ 
rt:ga:ra~r.;<; pointer deviation~, when _pointe~s l!!'!re aligned 
in the 9 .ap.t71. 12 o'elpck sectors. 

. The a:xplanntions that have been advanced to account 
for the obsl=)rved ir..!'arioz·tty of the right liD.d bottom ssctors 
of an iilstrU!:':cnt dial are based on the hyt>-;,thesis that di
rection-of-.cotion cues are ambiguous when rotary moti.on oc
cars ..in the sa sectors. In order to .account· for this ambi• 
guity, ,.,a nssU..'nG that a moving stim,.llus object, such as an 
1nsttuwent pointer· is responded to in accordance with 
ei thl!r a "rectang~a!'-~~ordina te hypothE-sis" or a 11polar
coordina to hypothes1.a~' ... It we RSsutle that the two hypothe
ses l~ad to the f;c>.me motor or verbal response ~or a speci
fied nngular position of the _pointer, thsn th'! two hypot:,e
se9 -...-111 lend to opposite responaou when the pointer has 
passed through an 180° rotation (i.e., is on the reverse 
side of the dial). As an 11lustration1 a cl.oclfirise rota
tion at ~ o'clock is 'up' and at 3 o'c~oek is 'down' ·ac
cording to the rectangulQr hypothesis. Thi1 is a si!uation 
which Ga~ae (6) proposes should give maximum negative ~rans• 
fers For reasons that are obvious, the 9 and 12 o'clock 
qus.drants .are tho::;e or e.greemant. and the 3 and 6 o'clock 
quadrants those or disagreement between the two hypothe~~·· 

.1s indica. ted earlier the condi tiona leading to amb1· · 
~uity ~~Y change with the type of control u~ed and its place
ment~ Simon (l2j 1 for exampl~, in a ~ubsequent e~perime11t in 
this series, haSo 1·ound that when a lever is used in plae·'J of 
a rotary control, thr:s orientation. o! the lever becomes ~tlt 1111-
portant fa~tor; al.so he has found that when only a sinel• 
inotru~ent and a rotary co~trol is used, a 12 o'clock pointer 
position, with the control knob bela~ the display, giv~s ~xi
rnum performance. The present results, therefore, probably 
should not be generalized beyond thtf common case in vh1c:h the 
control is ·a knvb that moves in the same spatial plane aa the 
display and is located below the display, and in wh~ch multi
ple displays and controls are.smplc;ed. 

The ·a~bi~uity errect, ~hich is invoked to account tor . 
1nf£,rior perfor~ze at 3 aud 6 o'clock probably is enhanced 
by the presenc~ o! two-spatially-separated -pointers, such as 
tho~e used in th~ present experiments, especially whan the two 
poi~ter.s &To aligned. Since it would be expected that only 
tho~e pcr:::ons l'espc-n.~ing in accordance with the rectangUlar 
(ur-dow:l) bypothes~e would show negative transfer for the 3 
and 6 o'clc~k positions, this provides indirect evidence that 
mo~t of cur subjects mnst ho.ve recponded at tiraes on the btisia 
or thir. hypothesis, even though the displays and the controla 
or0v!d~ ~ rotHry or polar-coordil~te system. 
1 We do not wish to imply any conGcious or verbal activity on 

the pnrt of the subject. 
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VII. SUMHeRX 

(K 

; 

1. The effects of various visual stimulus patterns 
formed by different arrangements of instruments and pointers 
were studlod. Performance in a continuous, dual-pursuit 
task, in which subjects adjusted two control knobs in order 
to keep two pointers centered, was used as the criterion of 
effectiveness* 

2« For this task, the results from three experiments 
are in agreement in indicating that subjects give signifi- 
cantly superior performance when 

a. instruments are close together, 

b« instruments are aligned .hori- 
zontally, and 

c. pointers are aligned at 9 o'clock 
for horizontally-separated instru- 
ments and at 12 o*clock for verti- 
cally-separated Instruments, or els« 
the pointers are counterpoised* 

3* In the present experiments the controls were below 
the displays and rotated in the same planes of space es the 
instrument pointers, a clockwise rotation of a control result* 
lug In a clockwise rotation of its related pointer« These arm 
common relations, but the present results may not necessarily. . 
hold when different arrangements or types of controls arm em* 
ployed« 

hm   The investigators hypothesise that peripheral vision 
plays an Important role In the performance of a task, such as 
that employed in the prerent experiments, in which two different* 
stimulus objects sre controlled« 

5« From a theoretical viewpoint the demonstration that 
differences in lnitlil performance, due to pointer pwritlon pat- 
tern, actually increased slightly during fifteen dally practice 
sessions is especially Importe *t. The effect of changes in 
pointer configuration apparently does not depend on transient 
unfamiliarlty with a given stimulus pattern, but must be attri- 
buted to well-established differences in the perceptual-motor 
capacities for making spatial responses to different kinds of 
stimulus patterns. 
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